Assignment of an individual to the population from which it most probably originated based on its multilocus genotype has been widely applied in recent years. In this study, individual assignment based on microsatellite data was used to identify a case of ¢shing competition fraud. Despite the fact that the true population of origin was most probably not among the reference populations, recent modi¢cations of the assignment tests were used in con¢dently excluding (p 5 0.0001) the possibility of a 5.5 kg salmon (Salmo salar) originating from the ¢shing competition location, Lake Saimaa (south-east Finland). In fact, the probability of the suspect salmon originating from one of the regions that supply most of Finland's ¢sh markets was found to be over 600 times higher than it originating from Lake Saimaa. When presented with this evidence, the o¡ender confessed to purchasing the salmon at a local ¢sh shop and criminal charges were laid. This study emphasizes the potential practical application of the individual assignment procedure, in particular the usefulness of con¢dently excluding populations as the origin of an individual. A similar strategy could be also used, for example in suspected cases of illegal poaching, in order to assign or exclude individuals from originating from a claimed population.
INTRODUCTION
Assignment of an individual to the population from which it most probably originated based on its multilocus genotype has been shown to have a diverse range of applications (reviewed by Waser & Strobeck 1998; Davies et al. 1999) . Not surprisingly, the application of individualbased analyses in the ¢eld of ¢sheries has been particularly widespread due to the importance of accurate population assignment for a variety of purposes including stock identi¢cation in mixed-stock ¢sheries, detection of poaching and distinction between individuals of native and stocked origin (e.g. Nielsen et al. 1997; Beacham & Wood 1999; Roques et al. 1999) . Due to numerous features, not least their high levels of polymorphism, microsatellites have proven to be particularly suited to studies of individual identi¢cation (e.g. Estoup & Angers 1998; Cornuet et al. 1999) .
Several analytical procedures for individual assignment have been reported in recent years. Paetkau et al. (1995) proposed a method whereby an individual is assigned to the population from which its multilocus genotype has the highest probability of occurring, based on the allele frequencies of a set of reference populations. One important and limiting assumption of this test is that the allele frequency estimates of the reference populations accurately represent the true allele frequencies of the population. Another method, also based on reference population allele frequencies, uses a Bayesian statistical approach in calculating an individual's most likely population of origin (Rannala & Mountain 1997) . Analytically, this method should be less sensitive to deviations from the true allele frequencies in reference populations, for example due to small sample sizes. Additional methods proposed assign individuals to a population based on genetic distance. One of the earliest uses of a genetic distance approach used pairwise allele-sharing values in order to construct neighbour-joining dendrograms with each individual considered as a separate taxon (e.g. Estoup et al. 1995) . More recently, Cornuet et al. (1999) presented a method whereby one of a number of genetic distances is calculated between each individual and the reference populations and individuals are assigned to the population from which the calculated genetic distance is the smallest. Recent evaluation of the performance of various tests via computer simulation suggests that allele frequency-based methods generally out-perform genetic distance-based methods and that the Bayesian approach of Rannala & Mountain (1997) performs slightly better than that of Paetkau et al.'s (1995) frequency-based test (Cornuet et al. 1999) . It was estimated in the same study that 100% correct assignment success can generally be achieved for ten populations with a divergence of F STˆ0 .1 using ten independent loci (heterozygosity of 0.6) and sample sizes of nˆ30 per population, again highlighting the suitability of microsatellites for individual assignment due to the abundance of highly polymorphic loci available in many species.
One limitation of the initial versions of these tests was that, when allele frequency data were not available from the true population of origin, individuals were still assigned to one of the reference populations, albeit incorrectly. In order to address this issue, a method for estimating the con¢dence of each assignment was recently proposed (Cornuet et al. 1999) . This method simulates multilocus genotypes from each reference population and then determines the probability of an individual's assignment criteria value (e.g. likelihood or genetic distance) falling within the criteria distribution of the reference population, thus enabling not only the assignment of but also the exclusion of individuals belonging to certain populations with a speci¢ed degree of con¢dence.
In this study, we present a novel application of the assignment test in order to identify a fraudulent attempt to win a ¢shing competition that was recently held on Lake Saimaa in south-east Finland. The majority of Atlantic salmon (Salmo salar) populations are anadromous, i.e. individuals hatch in freshwater and, after a certain number of years, undergo smolti¢cation and migrate to the sea for one or more years before returning to their natal river to spawn. However, a small percentage of salmon populations have adopted a nonanadromous life history, probably after a period of rapid land upheaval following the last ice age and complete their life cycle entirely in freshwater (Berg 1985) . One such non-anadromous salmon population occurs in the 4400 km 2 Lake Saimaa. In June 1999, a 5.5 kg salmon was presented to the judges of a local ¢shing competition. Although Lake Saimaa salmon of such size are occasionally caught, they normally obtain a much lower weight (Pursiainen et al. 1998) . This fact, along with other inconsistencies in the preparation of the ¢sh, arose suspicions that the salmon may not have been caught in Lake Saimaa. In order to set a precedent for future competitions, the organizers were interested in conclusively ascertaining that the suspect ¢sh did not originate from Lake Saimaa in order to pursue pressing criminal charges against the alleged o¡ender and tissue samples were submitted for genetic analysis. As the most likely scenario was that the true population of origin was not among the available reference populations, successful resolution of this case required the use of some of the recent modi¢ca-tions to the assignment tests, including the con¢dence estimator of Cornuet et al. (1999) , as described above. Of particular importance was the necessity of con¢dently excluding the individual from belonging to a population rather than simply assigning it to its most likely population of origin.
MATERIAL AND METHODS

(a) Samples
The reference sample of Lake Saimaa salmon consisted of mature ¢sh caught whilst returning to spawn. Additional reference populations were chosen in order to represent all regions from which the suspect ¢sh may have originated (¢gure 1). The most likely scenario was that the ¢sh had been purchased at a local ¢sh market, in which case it would probably originate from one of two regions: ca. 76% of fresh salmon sold in Finland are imported from Norway (E. Nylander, personal communication), so a population from the River Tenojoki which drains to the Norwegian Sea was included. The remaining 24% are caught in the Baltic Sea and, therefore, a population from the River Tornionjoki was chosen to represent a Baltic Sea stock. In order to refute the unlikely event of an anadromous salmon erroneously migrating to Lake Saimaa via a man-made channel that connects the lake with the Gulf of Finland, samples representative of the Russian River Neva salmon stock were included. The River Neva and River Tornionjoki samples originated from hatchery stocks used for supplementing the natural population, while ¢shes from the River Tenojoki were wild caught.
(b) DNA analyses
A total of seven microsatellite loci were analysed: SSOSL85, SSOSL311 (Slettan et al. 1995) , SSOSL438 (Slettan et al. 1996), Ssa85, Ssa171, Ssa197 and Ssa202 (O'Reilly et al. 1996) . The polymerase chain reaction (PCR) protocols used were essentially as described in Primmer et al. (1999) . Brie£y, each 10 m l reaction included 1% of chelex-extracted DNA, 3^6 pmol of each primer, one of which was £uorescently labelled (NEDöSSOSL85, SSOSL438 and Ssa202, HEXöSSOSL311 and Ssa171, and FAM ö Ssa85 and Ssa197 ), 200 mM dNTP and 0.25 units of AmpliTaq DNA polymerase (PE Biosystems), plus the recommended PCR bu¡er solution. The general PCR pro¢le was as follows: 94 8C for 3 min followed by 35 cycles of 94 8C for 30 or 60 s, 55 8C (53 8C with SSOSL311 and 60 8C with Ssa197) for 30 or 60 s and 72 8C for 30 or 60 s, with a ¢nal 72 8C extension of 5 min. As the size ranges of the loci labelled with the same £uorescent dye did not overlap, all seven loci could be electrophoresed in a single gel lane of an ABI377 sequencer (see Primmer et al. (1999) for electrophoresis details).
(c) Statistical analyses GENEPOP 3.1b (Raymond & Rousset 1995) was used in order to conduct exact tests for deviations from Hardy^Weinberg (HW) equilibrium and for genotypic linkage. Corrections for multiple signi¢cance tests were performed using Fisher's method as computed in GENEPOP 3.1b and applying a sequential Bonferroni-type correction (Rice 1989) . Tests for signi¢cant genic di¡erentiation among population pairs were made using exact tests for genetic heterogeneity in GENEPOP 3.1b. Wright's F-statistics (F ST ) were subsequently estimated in order to measure the extent of genetic di¡erentiation between populations using the classical estimator (£) of Weir & Cockerham (1984) .
Assignment of individual ¢sh to their most likely population of origin was performed using GeneClass v.1.0.02 (Cornuet et al. 1999) (the program GeneClass is downloadable from http:// www.ensam.inra.fr/URLB/geneclass/geneclass.html). Three individual assignment tests were implemented: assignment using a 1700 C. R. Primmer and others Individual assignment of salmon detects ¢shing competition fraud Proc Bayesian-based approach (Rannala & Mountain 1997) , assignment based on reference population allele frequencies (Paetkau et al. 1995) and assignment based on genetic distance (Cornuet et al. 1999) . These three di¡erent tests are hereafter referred to as the Bayesian, frequency and genetic-distance methods, respectively. Self-classi¢cation of individuals in reference populations was calculated using the`leave one out' option, which calculates the reference allele frequencies using all individuals from the reference population except the individual that is being assigned.
In the event of a zero allele frequency, an allele frequency of 0.01 was assumed when using the frequency method. 
RESULTS AND DISCUSSION
Genetic diversity indices of the reference populations revealed the average number of alleles per locus to be two to three times lower in the Lake Saimaa population and the average observed heterozygosities were only approximately half those of the three anadromous populations (table 1) . This low level of genetic variation could perhaps be due to the e¡ects of decades of arti¢cial hatchery reproduction; the Lake Saimaa salmon population has been completely reliant on the release of hatchery-bred and -reared ¢sh for its survival since hydroelectric power plants were constructed in the 1950s, which destroyed all traditional spawning grounds (Pursiainen et al. 1998) .
Additional contrasts between the land-locked Lake Saimaa population and the three anadromous populations were revealed when analysing the level of genic di¡erentiation between reference populations. Highly signi¢cant genic di¡erentiation was observed between the populations included in the study (Fisher's method, p 5 0.0001 and global F STˆ0 .21). The Lake Saimaa reference population exhibited a higher level of di¡eren-tiation from all other populations, with pairwise F ST estimates of 0.26, 0.33 and 0.30 observed between the Lake Saimaa and River Tenojoki, Tornionjoki and Neva populations, respectively. In comparison, the highest pairwise F ST -value observed between any two anadromous populations was 0.07, between the River Tenojoki and River Neva populations. Correct assignment of individuals from the reference populations was generally high, regardless of the assignment method used (mean
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Proc. R. Soc. Lond. B (2000) (Likelihood refers to likelihood-based assignment, probability refers to assignment based on the highest probability of an individual's assignment criteria (genotype likelihood or genetic distance) falling within the assignment criteria distribution of the reference populations based on 10 000 simulated individuals (see Cornuet et al. (1999) for details) and distance refers to assignment based on the average genetic distance (D C ) between the individual and all reference individuals. Population abbreviations as in ¢gure 1.) reference Bayesian frequency D C population likelihood probability likelihood probability distance probability SAI  100  76  100  79  100  93  NEV  93  90  97  90  86  86  TEN  92  92  96  92  80  96  TOR  90  87  97  93  97  97  mean  94  86  98  89  91  93 92% and range 86^98%) (table 2), indicating the suitability of individual classi¢cation for determining the likelihood of the suspect salmon originating from Lake Saimaa. Assignment of the suspect ¢sh's multilocus genotype to its most likely population of origin indicated a high level of improbability of the ¢sh originating from Lake Saimaa. With all three classi¢cation methods, the probability of the log-likelihood value of the suspect ¢sh falling with the likelihood ratio distributions of the Lake Saimaa reference population was extremely low ( p 5 0.0001) (¢gure 2; table 3). Thus, Lake Saimaa could not just be rejected as the most likely population of origin; importantly, it could also be con¢dently excluded as a possible source population. A similar interpretation could be drawn based on allele-sharing data, with the proportion of alleles shared between Lake Saimaa reference individuals being on average over ¢ve times higher than the proportion shared with the suspect salmon (¢gure 3). The allele-sharing, neighbour-joining dendrogram also clearly demonstrated the improbability of the suspect ¢sh originating from the Lake Saimaa reference population, with the Lake Saimaa reference individuals forming a distinct cluster separate from all other individuals, including the suspect ¢sh (¢gure 4).
One important assumption when excluding the Lake Saimaa population as a possible source population is that the individuals included in the Lake Saimaa reference population and the resulting microsatellite allele frequencies were a true representation of the population as a whole: non-representative reference population allele frequencies may lead to erroneous exclusion of individuals (Cornuet et al. 1999) . Given that all reproduction of Lake Saimaa salmon is conducted arti¢cially in ¢sh hatcheries and reference individuals were sampled from spawners used for producing these hatchery brood stocks, it is likely that the reference individuals provided a true representation of the population allele frequencies.
Given that Lake Saimaa could be excluded as the origin of the suspect ¢sh, could the individual have arisen from any of the other reference populations included in the study ? The River Neva population could be con¢-dently excluded as the population of origin using all classi¢cation methods ( p4 0.002) (table 3) indicating it to be an unlikely source population. However, neither the River Tornionjoki nor River Tenojoki populations could be excluded with a high level of con¢dence by any of the three assignment tests (average pˆ0.078 and 0.061, respectively) (table 3). Given that the assignment probability estimates were nevertheless relatively low for both the River Tornionjoki and River Tenojoki populations, it is probable that the ¢sh does not originate from either of these speci¢c stocks, but possibly from an alternative stock from either the Baltic, or the Norwegian or Barents Seas.
Based on these results, a report was made to the ¢shing competition organizers stating that the suspect ¢sh was in fact over 600 times more likely to have originated from the Baltic or Norwegian Seas than from Lake Saimaa. The ¢sherman was disquali¢ed from the competition and, based primarily on the genetic analyses, a complaint was submitted to the police. Upon being confronted with the evidence, the o¡ender confessed to having purchased the suspect salmon at a local ¢sh shop and criminal charges were laid. This study emphasizes the potential 1702 C. R. Primmer and others Individual assignment of salmon detects ¢shing competition fraud Proc practical application of the individual assignment procedure for excluding populations as the origin of an individual. A similar strategy could also be used for alternative criminal scenarios, for example in suspected cases of illegal poaching, in order to assign or exclude individuals from originating from a claimed population. (Likelihood is log 10 (genotype likelihood), probability is the probability of the suspect individual's assignment criteria (genotype likelihood or genetic distance) falling within the assignment criteria distribution of the reference populations based on 10 000 simulated individuals (see Cornuet et al. (1999) 
